In these proceedings, we discuss recent results from d+Au collisions in PHENIX ridge related measurements and their possible hydrodynamic origin. We present the v 2 at midrapidity and measurements of the pseudorapidity dependence of the ridge, distinguishing between the d-going and Au-going directions. We investigate the possible geometrical origin by comparing v 2 in d+Au to that in p+Pb, Au+Au and Pb+Pb collisions. Future plans to clarify the role of geometry in small collision systems at RHIC are discussed.
Also shown on the plot are hydrodynamic calculations from Refs. [9, 10, 11, 12] .
Figure is from Ref. [13] .
similar magnitude to those in heavy ion collisions [6, 7] . Obviously, such similar behavior between A+A and p(d)+A collisions is suggestive of a similar physical origin. This was quite surprising considering the small size of the overlap region between the two nuclei in p(d)+A collisions. The observation of a double ridge structure, of course, does not prove hydrodynamic behavior; in fact, similar effects were expected within the Color Glass Condensate model [8] . Therefore, experimentally, it is of great interest to investigate the nature of the correlations observed in p Here we report on measurements by the PHENIX collaboration using that data.
Midrapidty Correlations & v 2
PHENIX has measured the v 2 of charged hadrons at midrapidity in central d+Au collisions using two-particle correlations. Correlations from jets are removed under the assumption that the conditional yields are unmodified from peripheral d+Au events. Resulting v 2 values as a function of p T are shown in Fig. 1 [13] . The v 2 rises with p T reaching a maximal value of about 15%. Also shown on the plot are hydrodynamic calculations from three groups [9, 10, 11, 12] . All three calculations agree well with the data. Refs. [9, 10, 11 ] use η/s = 0.08, while the calculation in Ref. [12] is for ideal hydrodynamics.
In order to further investigate the possible relationship between the geometry of the collision system and the observed v 2 we compare the v 2 values (at p T ≈ 1.4 GeV/c) scaled by estimates of the initial state second order eccentricity, ε 2 . The v 2 /ε 2 values are shown as a function of dN ch /dη at mid-rapidity in Fig. 2 for d+Au, p+Pb, Au+Au and Pb+Pb collisions at both RHIC and the LHC. The ε 2 values are from a Glauber Monte Carlo calculation; v 2 /ε 2 is consistent between central d+Au and midcentral p+Pb (systems which have a similar dN ch /dη) despite the factor of 25 difference in collision energy per nucleon pair. The ε 2 value in central d+Au collisions is approximately 50% larger than in in midcentral p+Pb. The v 2 /ε 2 ratio rises as a function dN ch /dη and follows approximately a common trend between the four collisions systems.
There are uncertainties within the Glauber Monte Carlo calculation of the spatial eccentricity, ε 2 , values. We have investigated the uncertainty due to the modeling of the nucleons within the calculation. The default values take the nucleons as point-like centers and we have also investigated treating the nucleons as disks with a radius of 1 fm and as Gaussians with σ = 0.4 in both d+Au and Au+Au collisions. In d+Au collisions these variations change ε 2 by approximately 30% at maximum; in Au+Au the effect is much smaller.
In addition to the multiplicity scaling shown in Fig. 2 it is also of interest to investigate the scaling of the same v 2 /ε 2 data as a function of the charged particle multiplicity divided by S, a measure of the overlap area between the two nucleons which is defined as S ≡ 4π σ 2 x σ 2 y − σ 2 xy where σ xy ≡ xy − x y . This scaling has been found to approximately hold between RHIC and the LHC for p T integrated v 2 /ε 2 values [16] . In Fig. 3 In this case, the different nucleon representations affect both the values of ε 2 and S.
Rapidity Separated Correlations
In order to investigate whether the correlations seen at midrapidity are long-range in pseudorapidity and, if so, what the pseudorapidity dependence is, we have measured correlations between mid-rapidity hadrons (|η| <0.35) and electromagnetic energy in the Au-going and d-going Muon Piston Calorimeters (MPC) [17] . These calorimeters are positioned on either side of the interaction region at 3.1 < |η| < 3.7 (3.9) in the Au-going (d-going) direction. With this large ∆η separation, no same-side jet correlations remain.
In d+Au collisions there is a large asymmetry in the number of particles produced at large pseudorapidity between the d-going and Au-going directions. In the most central 20% of the collisions approximately four times as many charged particles are produced in the Au-going direction as in the d-going direction [18] .
The azimuthal correlations for both the d-going and Au-going MPC with midrapidity tracks are shown in Fig. 4 as a function of centrality. In all cases the dominant feature of the correlation functions is the peak at ∆φ=π. This peak has contributions from jet correlations and momentum conservation.
In the d-going correlations no near side correlations are seen at any centrality. In the Au-going correlations, peripheral correlations look similar to those observed in the d-going direction. However, in central collisions a positive correlation at ∆φ = 0 is observed for the 20% most central events. The magnitude of the correlation relative to the peak at ∆φ=π increases toward more central events. This provides evidence that the v 2 observed at midrapidity is from a long-range pseudorapidity correlation.
Future Investigations
While many of the existing measurements in p+Pb and d+Au are suggestive of hydrodynamic behavior in d+Au collisions, further investigations of this surprising effect are certainly in order. No significant v 3 in d+Au collisions was observed [13] . This is consistent with the large v 2 driven by the elongated shape of the deuteron and, as discussed above, the v 3 values extracted from the d+Au data are much smaller than v 2 and consistent with zero. If the geometry of the deuteron causes the observed v 2 values then it could be possible to induce a large v 3 by using a projectile nucleus with a large ε 3 . PHENIX has proposed running 3 He+Au, d+Au and p+Au collisions at RHIC in 2015 to directly investigate the relationship between v N and geometry. Fig. 5 shows the results of Glauber Monte Carlo calculations of 3 He+Au, d+Au and p+Au collisions. The ε 2 value decreases with an increasing number of binary nucleon-nucleon collisions (N coll ) in p+Au collisions while for d+Au and 3 He+Au collisions it increases up to a maximal value of approximately 0.5. The ε 3 in 3 He+Au collisions reaches 0.25 at about 10 collisions and remains approximately constant for all more central collisions. In the 0-5% central d+Au collisions studied here the mean N coll value is about 18, thus the ε 3 value in central 3 He+Au collisions will be approximately 40% bigger than in d+Au collisions.
Additionally, in the 2015 run PHENIX will have additional tracking, compared to the measurements presented here, provided by the silicon vertex detectors. This will provides larger ∆η coverage around midrapidity. Thus, it will be possible to determine whether the increased ε 3 in 3 He+Au collisions leads to a correspondingly large v 3 as a conclusive test of the role of geometry large minimum bias data set. The large PHENIX data acquisition bandwidth would allow an excellent measurement in d+Au and 3 He+Au with one week of running for each with a relatively low luminosity requirement. The new PHENIX detectors, not available during the earlier Run-08 d+Au run, including the large tracking coverage VTX, FVTX, and the new MPC-EX would make these an excellent data set for these studies with over 1 billion events in each system, and more in p+Au with the running detailed before.
The projected luminosities (store average) for d+Au and 3 He+Au are 28 ⇥ 10 28 and 5 ⇥ 10 28 cm 2 s 1 respectively. For these measurements, only a tiny fraction of that luminosity is required to saturate the minimum bias data acquisition bandwidth and achieve these one billion event data sets. Just as the d+Au collisions have a significant intrinsic # 2 (elliptical shape), the 3 He+Au collisions have a significant intrinsic # 3 (triangular shape). The question of whether these two or three hotspots in deposited energy connect during the time evolution and result in significant v 2 and v 3 is what these measurements can definitively answer. In Figure 3 .15 we show an example single 3 He+Au display with the energy deposit distribution assuming Monte Carlo Glauber with smearing around each participating nucleon with a Gaussian width of 0.4 fm. We also show the average # 2 and # 3 as a function of the number of collisions for all three systems. Note that we are working with James Shepard (Colorado) and David Dean (ORNL) for a full 3-body model of the 3 He case.
The exact total running time for all these related p+A, d+A, 3 He+A requests depends on how quickly the accelerator is able to achieve the p+Au projected luminosities and switching time between species. The prioritization of running after the p+Au @ 200 GeV running is something we expect to be further informed over the next year from new RHIC and LHC results and rapidly progressing theoretical developments. in generating the v N observed in p+A and d+A collisions. Recently, hydrodynamic calculations of v N in p+Au, d+Au and 3 He+Au collisions have been done [19] and they provide support for pursing this program.
Conclusions
Over the past year, there has been much excitement around the novel effects observed in p+Pb and d+Au collisions. We have presented PHENIX results on the d+Au v 2 at midrapidity and shown new results using our MPC detector which provide the first evidence for long range (∆η ≈ 3.5) correlations at small ∆φ in d+Au collisions. We have also discussed future plans to constrain the role of geometry in small collision systems by varying the shape of the projectile nucleus in order to significantly vary the ε 3 value of the collision region. The collision system variation possible at RHIC make feature studies in this direction especially exciting.
